Developing cultures of dissociated cerebral hemispheres obtained from 18-day-old embryonic rats synthesized, or activated, a myelinrelated enzyme, 2',3'-cyclic nucleotide 3'-phosphohydrolase (CNPase). This increase in activity coincided with the onset of myelination. The presence of CNPase in oligodendrocytes and myelin was demonstrated using immunocytochemical staining techniques. Myelinated axons and myelin sheaths were clearly made visible by electron microscopy of 28-day-old cultures.
Culture conditions. Cultures were established from embryonic rat cerebral hemispheres by a modification of a previously described method (1, 2). All operations were done under sterile conditions at room temperature. Twelve to fourteen fetuses were removed from rat uteruses at the 18th day of gestion. The cerebral hemispheres were separated from the rest Abbreviations used: CNPase, 2',3'-cyclic nucleotide 3'-phosphohydrolase (EC. 3.1.4.37); MEM, Eagle's minimum essential medium; PBS, Phosphate-buffered saline; SE, standard error; EM, electron microscopy; CNS, central nervous system; PAP, peroxidase-antiperoxidase; DAB, 3,3-diaminobenzidine. ** To whom all correspondence should be addressed . then were washed for 10 min at room temperature with PBS, and after 5 washings, were incubated with anti-rabbit IgG for 30 min at 37•Ž then with conjugated PAP complex for 30 min at 37•Ž. The cover slips were washed again 5 times as before then incubated with DAB solution for 5 min at room temp. Hematoxylin-staining was used to make the nuclei visible. Peroxidase-labeled antibody was examined under a Nikon (Tokyo) microscope. The modified Bodian technique was used as described elsewhere (22) . Enzyme assay. Cell cultures were harvested, the medium discarded, and the cell layers rinsed 3 times with PBS, then sonicated. CNPase was assayed in the whole cell lysate by the method of Sprinkle et al. (18) . Protein was determined by the method of Lowry et al. (7) . CNPase specific activity is expressed as the number of pcmoles of substrate converted to product per min of incubation at 37•Ž per mg of protein in the homogenate.
Source of materials. Calf serum was purchased from GIBCO (Long Island, N.Y., U.S.A.). Eagle's MEM was purchased from Nissui (Tokyo). (8-311) Adenosine 2',3'-cyclic monophosphate (28 Ci/mmol) was purchased from New England Nuclear (Boston, MA., U.S.A.). The rabbit-antisera against CNPase was a gift from Drs. Kohsaka and Tsukada (9). Goat-anti-rabbit IgG and PAP-complex were obtained from Miles-Lab-Inc (Elkhart, IN., U.S.A.). 3,3-Diaminobenzidine, hematoxylin and hydrogen peroxide were obtained from Kanto Chemical Co. Inc. (Tokyo). Glutaraldehyde solution (abt. 20 %) was purchased from Wako Inc. (Osaka, Japan).
RESULTS
The specific activity of CNPase in dissociated cell cultures (Fig. 1) began to increase at the onset of myelin formation, as seen from our measurements of total protein. A rapid increase in the enzyme took place between 40 and 50 days of culture, and a large increase was maintained throughout the 80 days of culture (3935 nmoles/min/ mg-protein). CNPase activity at 0 days, just before the start of cultivation (55.0 nmoles/min/mg-protein), and in the 5-day-old cultures was very low (62.5 nmoles/min/mg-protein). By the Bodian technique (Fig. 2) , neurons were impregnated in 50-day-old primary cultures. Many neurons with axons survived in our culture system.
Immunocytochemical staining for CNPase in 19-day-old primary cultures showed that peroxidase-labeled particles were limited to the pairs of furrows and to the cell bodies of the oligodendrocytes (Fig. 3) .
Light microscopy of living 19-day-old cultures indicated the presence of myelinated axons (Fig. 4) . Electron microscopy of 28-day-old cultures revealed multi-layered structures made up of the major and minor dense lines characteristic of myelin (Fig. 5) .
DISCUSSION
Biochemical and morphological aspects of myelination have been investigated in dissociated cell cultures (14) , but no direct evidence of myelin formation has yet been reported in living primary cell cultures. Our results confirmed results of previous studies showing that CNPase activity increases parallel to the active phase of myelination (10) during rat brain development. CNPase activity was still increasing at 60 days. A high rate was maintained up to 80 days of culture (4.0 ,umole/min/mg protein); probably because many neurons and oligodendrocytes could survive for long time periods in our primary cultures (data not shown). Similar results have been reported in cultures maintained up to 60 days (11) or 40 days (14) . The enhancement of CNPase activity and the morphological localization of this enzyme with myelin as well as the oligodendroglia are evidence that myelination takes place in these cultures (Fig. 1, 5 ). These findings support our earlier study which indicated that myelinated axons can be identified by the use of biotinylated choleragen and the avidin peroxidase technique used to identify ganglioside GMT (3) .
Electron micrographs of 28-day-old primary cultures showed oligodendrocytes and myelinated axons (Fig. 5) . Most myelin sheaths in the 28-day-old cultures consisted of 12-15 compact lamellae. Sheaths consisting of less than 10 compact lamellae in cultures (data not shown) were often found. Similar results were obtained in rotationmediated aggregating cell cultures (19) and in dissociated cervical and lumbar dorsal root ganglia (20) . Our results demonstrate that dissociated cell cultures can be useful in investigations of myelin formation.
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